Metodologia (Methodology)
Phytohyperaccumulator-AMF (arbuscularmycorrhizal fungi) interaction in heavy metals detoxification of soil Interação entre hiperacumuladores-FAM (fungos arbusculares micorrizais) na desintoxicação de solos metalíferos AISHA UMAR 1 Soil fungi (micropartner) develop mycorrhizal interactions with 80 % of land plant species (macropartner) (WANG & QIU, 2006) . Soil composed of non-degradable heavy metals toxicity that inhibits the growth (LOMBI ) and water status of plants (BARCELÓ AND POSCHENRIEDER, 1990) . HMs in the soil causes vegetation free world. Phytohyperaccumulators gather more than 1 % Zn or Mn, 0.1 % Ni, Cu, Co or Pb and 0.01 % Cd in the shoots (COBETT, 2003) than roots (VÁZQUEZ ET AL., 1994) . These plants can cope with low levels of fertility and poor soil structure, which may induce mineral deficiencies (STANLEY AND ISABELLE, 2015) . Mycorrhizae are the mutualistic symbiotic association (nonpathogenic) of a specific group of soil-borne fungi with the roots of higher plants (SIEVERDING, 1991) . Arbuscular mycorrhizal fungi colonize the roots of approximately 65 % of all known land plant food and bio energy crops   Lecturer at Departament of Botany, Minhaj University, Lahore, Pakistan. (WANG & QIU, 2006) may interfere with heavy metal absorption (LIAO ET AL., 2003) . AMF is reported to enhance nutrient supply and improve water use efficiency and photosynthesis in salt marsh plant species, but the rate of AMF colonization drastically decreases at moderate salinities (CARAVACA .
Root exudates (organic chemicals) enhance the mobility of metals and nutrients by (PÉREZ-ESTEBAN ET AL., 2013) (i) acidification due to proton (H + ) release or by forming organic/amino acid-metal/mineral complexes(ii) intracellular binding compounds (e.g., phytochelatins, organic acids, and amino acids) (iii) electron transfer by enzymes in the rhizosphere (e.g., redox reactions), therefore enhancing phytoremediation efficiency (SESSITSCH ET AL., 2013). The low molecular weight organic acids (LMWOAs) e. g., oxalate, released by both mycorrhizal and nonmycorrhizal seedlings contributed to metal immobilization by stable metal complexes in soil (JOHANSSON 
PERFORMANCE OF MUTUALISTIC SYMBIOSIS
Plant-Fungal crosstalk is a significant and beneficial process to distinguish the underground communities. Metal resistant activity of AMF enhances membrane permeability and metabolic functions of phytohyperaccumulators in serpentine soil.
Nutrient-absorbing AMF facilitate the hyperaccumulators to absorb maximum minerals and nutrients from the contaminated soil as well as proficient in increasing the fertility of heavy metals contaminated soil (NAVARRO-NOYA ET AL., 2012). This association prevents the plant from production of ethylene in soil stress conditions. AMF actors act as a biomodifiers and modify the original appearance of roots in prosperous style (Ahemad and Kibret, 2014) .They act as biopesticides that kill phyto pathogens by releasing antifungal agents (Fig 1) .
Phosphorous is major macronutrients unavailable for plant growth in soil (HARRIS AND LOTTERMOSER, 2006 Intracellularly the plant cell produceschelating agents such as phytochelatins and metallothioneins, which have high-affinity HM binding properties. The resulting complex can finally be exported from the cytoplasm across the tonoplast and become sequestered inside the vacuole (HALL, 2002) . Proteinsare involved in linkages with metals, thereby forming complex biochemical compounds called metal-proteins, metallothionein and peptideslike phytochelatins. Besides these, organic acids and amino acids take active part in detoxification of heavy metals in plants (PAL and RAI, 2009 ).
Metal-binding peptides (MTs-cysteine-rich) can eradicate the phytotoxic effect of free metal ions and allow metal uptake, sequestration, compartmentation, xylem loading, and transport within the plants (CAI AND MA, 2002). Phytochelatins (PCs) are synthesized from the tripeptide glutathione under PCs synthase (SOLANKI AND DHANKHAR, 2011). These PCs is immediately induced by heavy metal exposurein plant tissues (PAL AND RAI, 2010).
MTs also occur in AMF and those genes encoding several enzymes for PCs synthesis in mycorrhizal roots exposed to metal stress and enhancing photosynthetic activity (RIVERA-BECERRIL ET AL., 2005).
Siderophore is producing in fungi due to Fe acquisition by different plant species (GAONKAR and BHOSLE, 2013) . Chelation through binding toxic metals to siderophores triggers the enhancement of plant Fe uptake capacity and the decrease of free metal ion concentration (DIMKPA ET AL., 2008). Fe is a micronutrient and its low concentration in soil is necessary to support robust plant and fungal life due to its low solubility under metal stress. Plants acquires sufficient Fe through three mechanisms, 1: (Fe solubilization by all dicots and monocots via rhizosphere acidification) 2: Secretion of phytosiderophores (PSs) and uptake Fe 3+ -PS, 3: uptake Fe 3+ -microbial siderophores by plants). Many studies have shown that PSs are able to solubilize and transport metals by chelation, and thus being secreted into the rhizosphere through a potassium-mugenic acid symporter (SAKAGUCHI ET AL., 1999). METAL IMMOBILIZATION Some AM fungi also reduce plant metal uptake or translocation to aerial plant parts by decreasing metal bioavailability in soil via precipitation, alkalinization, and complexation processes. a) Alkalinization Some AMF exhibit the ability to absorb metals through substratum alkalinization activity by release of OH -, therefore affecting the metal stability in soil (Büdel et al., 2004 ) and a reduction in metal phytoavailability in the rhizosphere by secreting glomalin (GIASSON ET AL., 2008). AMF can act as metal sinks to reduce the mobile and available metal cations in soil suitable environment for plants growth in metal contaminated soils (Göhre and PASZKOWSKI, 2006) (Fig 3) . b) Complexation The excretion of EPSs by plant associated (HOU ET AL., 2013) metal biosorption onto to EPS include metal ion exchange, complexation with negatively charged functional groups, adsorption and precipitation (ZHANG . AMF can reduce metal mobility in soil by excreting glomalin (insoluble metal-sorbing glycoprotein) that reduces metal mobility or sequesters metals and metal biostabilization in soil (VODNIK ET AL., 2008) (Fig 3) .
Glomalin-related soil proteins (GRSP) are sequestering Pb (0.21-1.78%) and Cd (0.38-0.98%) in an in situ field experiment consisted humic and fulvic acids in soil (WU ET AL., 2014) . c) Klebsiella planticola precipitated cadmium (SHARMA ET AL., 2000).
METAL TRANSPORT AND DISTRIBUTION Different metals are differently mobile rate within a plant, e.g., Cd and Zn are more mobile than Cu and Pb. The metal chelation with ligands (e.g., organic acids, amino acids, and thiols) facilitates the metal movement from roots to shoots (ZACCHINI ET AL., 2009). Due to the high cation exchange capability of the xylem cell, the metal movement is severely retarded when the metals are not chelated by ligands (SHENG ET AL., 2008) The future research should be focused on: (1) the mechanism of plantmicrobe-metal interactions under stressful environmental conditions; (2) the effectiveness of co-inoculation of PGPB and AMF response to multiple biotic and/or abiotic stress; (3) the identification of functional genes of beneficial microbes for growth enhancement and metal metabolism; (4) the optimization of techniques for application in large scale polluted fields; and (5) the exploration of commercial production of bioinoculants for use in metal decontamination. Table 2 . Examples of AMF in HM's detoxification (literature citation). 
SUMMARY
Plants and fungi coexist in serpentine soil (enrich with heavy metals) and their cohesive interactions play a vital role in metalliferous soil. Metallophytes colonized by AMF helps to alleviate the toxicity of metalliferous environments. In this work phytohyperaccumulator-AMF interaction heavy metals (HMs) stress called biology-based technology is examined. Phytohyperaccumulator includes phytovolatilization, phytostabilization, phytoextraction, chelate-enhancement strategy. AMF enhance the efficiency of hyperaccumulator by different mechanism. Acidification, precipitation, chelation, complexation, redox reactions, phytoremediation, detoxification, mobilization, immobilization, transformation, transport and distribution in hyperaccumulating plants helps to clean up metal contaminated soil through extraction (phytoextraction), stabilization (phytostabilization), and transformation (phytovolatilization) processes.
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